Posterior sternoclavicular joint injuries are increasingly diagnosed in children and young adults. Most of these injuries are the result of indirect mechanisms, typically lateral compression, with a posteriorto-anterior force applied to the shoulder during sports. Less frequently, these injuries are caused by direct impact on the medial clavicle, which can occur in rollover motor vehicle accidents, or may represent atraumatic instability. In patients younger than 25 years, physeal separation is more common than true dislocation. Theoretically, these patients have increased remodeling potential. Reduction is recommended to prevent and/or manage the compression of mediastinal structures, which can lead to life-threatening injury. Open surgical stabilization is the preferred treatment for acute and chronic retrosternal injuries. A thoracic or trauma surgeon should be available during stabilization in the rare event of potentially life-threatening hemorrhage after reduction. Outcomes have been largely successful, with pain-free, unrestricted range of motion and return to activity.
S ternoclavicular joint (SCJ) dislocations are uncommon shoulder girdle injuries that require a high degree of suspicion to diagnose. The posterior capsular ligament is the strongest stabilizer of the SCJ and provides protection to the underlying mediastinum. Symptoms associated with these injuries, such as painful restriction of shoulder motion, are often nonspecific. Many patients report dyspnea and dysphagia. Less frequently, patients report neurovascular symptoms, which are caused by posterior displacement of the medial clavicle that compresses the mediastinal structures. Specific radiographic views or crosssectional imaging are required to confirm the diagnosis because chest and shoulder radiographs may not adequately demonstrate the pathology.
Although most patients respond well to closed or open reduction, closed reduction is associated with high rates of resubluxation, and revision procedures may be required. 1, 2 Large series have reported excellent results with open reduction and stabilization. [1] [2] [3] [4] Rarely, life-threatening vascular complications associated with reduction of a SCJ dislocation occur; therefore, a thoracic or trauma surgeon should be available to perform a sternotomy, if required.
Epidemiology
Diagnosis of posterior SCJ dislocation is delayed in approximately one in three cases. 5 Older studies have reported a relative incidence of ,5% of all shoulder girdle injuries; however, a lack of both awareness and advanced imaging may have resulted in underdiagnosis of these dislocations. 6 Anterior instability is far more common, with posterior dislocations representing only 3% to 5% of SCJ dislocations. 6, 7 Differentiation of true dislocation from pseudo-dislocation or SalterHarris type I or II fracture of the medial clavicular physis is unreliable based on radiography and standard bone windows on CT. The medial clavicle epiphysis ossifies at approximately age 18 to 20 years and fusion occurs at age 23 to 25 years, making accurate diagnosis more reliable with open visualization or MRI. It is well recognized that, in children, the medial physis is the weakest point of failure in this region. A recent meta-analysis showed that 69% of adolescent patients undergoing open reduction for retrosternal injury had a physeal fracture and only 23% had a true dislocation. 3 
Anatomy
The diarthrodial SCJ is the only articulation between the axial and appendicular skeletons and, compared with other major joints, the diarthrodial SCJ has the least amount of bony congruity. The saddleshaped articulation between the clavicular notch of the sternum and the inferior half of the larger, fibrocartilage-covered medial clavicular epiphysis is convex in the superoinferior plane and concave in the anteroposterior plane.
An intra-articular disk or meniscus originates at the synchondral junction between the sternum and first rib and attaches to the anterior and posterior aspects of the medial clavicle; 8 this is the most commonly injured structure in the setting of sternoclavicular trauma. 9 The SCJ is divided into two compartments; elevationdepression occurs between the clavicle and disk, and protraction-retraction occurs between the disk and the sternum. Most sternoclavicular motion occurs through the first 90°o f forward elevation, where the clavicle elevates 4°for every 10°of arm elevation. 10 Stability is primarily provided by the posterior capsular ligament, which attaches the epiphysis to the sternum, although a few fibers attach to the metaphysis. The anterior capsular, costoclavicular, interclavicular, and intra-articular disk ligaments confer additional static stability. Dynamic stability is provided by muscular attachments: the sternocleidomastoid (SCM) and sternohyoid muscles posteriorly and the clavicular head of the pectoralis major muscle anteriorly. 8 The subclavius muscle runs from the first rib to the undersurface of the clavicle, acting as an internal shock absorber and preventing upward displacement with lateral compression. 11 The sternohyoid, sternothyroid, and scalene muscles also separate the joint from the underlying mediastinal structures of the thoracic outlet (eg, innominate vessels, internal jugular vein, aortic arch, vagus and phrenic nerves, trachea, esophagus). 11 In a study of 49 patients, the closest structure to the SCJ was the brachiocephalic vein, which was an average of 6.6 mm from the clavicular border. 12 In .20% of patients, however, an artery (most often the common carotid) was closer.
Presentation
Patients typically present after an indirect force whereby lateral compression on the shoulder causes it to roll forward. 13 Direct force accounts for only 10% to 25% of SCJ injuries, which occur when a posteriordirected force is applied to the medial clavicle (eg, in a motor vehicle rollover, group tackle or kick in sports). 14, 15 The asymmetrically short shoulder girdle and decreased sternoclavicular prominence are subtle visual changes that can be difficult to appreciate, and the sternal edge is not always palpable. In patients who present late, swelling and induration can mask joint depression or be so severe as to make the joint appear anteriorly dislocated.
Pain is the only ubiquitous symptom. Limited motion associated with posterior SCJ dislocation is common, more so than with acromioclavicular (AC) joint pathology. This is not surprising because elimination of SCJ motion reduces shoulder abduction to 90°, 16 whereas AC fusion has no impact on range of motion. In a meta-analysis of posterior SCJ injuries in adolescents, 47% of patients 3 had other symptoms in addition to pain, swelling, and limited motion. These included dyspnea, dysphagia or odynophagia, hoarseness or voice change, choking or tight sensations, and new-onset snoring. Patients often support the arm and hold the scapula protracted. 11 The neck is flexed forward, tilted ipsilaterally, and rotated away because of SCM spasm. 17 Symptoms of posterior clavicular displacement compressing the great vessels can include venous congestion of the arm; internal jugular distension; or differential pulse with arm positioning, which suggests thoracic outlet syndrome. Mediastinal compression, however, is often an incidental finding on advanced imaging. Based on the history of trauma, location of pain (medial versus more lateral pain with shoulder or AC injury), and SCJ swelling, the clinician must maintain a high index of suspicion to consistently diagnose posterior SCJ injuries and obtain the appropriate imaging studies to confirm the diagnosis.
Associated Injuries
Posterior SCJ dislocation with associated rib and scapula fractures can be a variant of lateral impaction, or scapular-clavicular-thoracic syndrome. 1 Concomitant fracture of the medial third of the clavicle has been reported with a posterior epiphyseal fracture in a hockey player after direct impact. 18 Fractures of the lower extremity and spine resulting from high-energy mechanisms of injury can delay recognition of the SCJ injury, especially in a patient with altered mentation. In one study, tracheal stenosis that caused dyspnea was initially attributed to tracheostomy but was later found to be the result of direct pressure from the displaced medial clavicle, which required resection. 19 Associated nerve injuries include both transient and permanent brachial plexus palsy. Vascular injury often begins as asymptomatic compression of the brachiocephalic or subclavian vein. Less frequently there is a laceration that is tamponaded by the clavicle or late erosion of the vessel wall from compression. Inflammatory fibrotic tissue or thrombosis resulting from intimal injury can cause late symptoms from progressive occlusion. 9 Injury to the superior vena cava, brachiocephalic vein, and internal mammary artery caused by low-energy mechanisms of injury have resulted in pediatric death. 20, 21 Early detection of mediastinal involvement is crucial. In a case report of a 19-year-old patient, an initially asymptomatic subclavian laceration with innominate artery pseudoaneurysm led to cerebrovascular insult 3 weeks after a rugby injury. 22 
Imaging
Radiography is often the initial study performed. A high degree of suspicion is required for diagnosis of SCJ injury based on chest, shoulder, or clavicle radiographs because the asymmetry of clavicle length and inferior angulation of the medial clavicle can be subtle (Figure 1 ). Tracheal deviation caused by mediastinal bleeding may be more apparent than the causative SCJ injury. The normal concave shape of the rhomboid fossa of the inferomedial clavicle and the flat groove for the coracoclavicular ligament can be mistaken for pneumothorax. 23 Visualization of SCJ pathology is often difficult on a lateral chest radiograph; therefore, specialized radiographic views have been developed. The Hobbs radiographic view is similar to a true cephalocaudad view, but the patient must lean forward with the head held in his or her hands while the elbows straddle the cassette as the x-ray beam is directed through the cervical spine. 24 The Heinig radiographic view is similar to a swimmer's view of the cervical spine; the patient is positioned supine, with the x-ray beam parallel to the opposite clavicle and the cassette placed across the opposite shoulder. 14 On the Rockwood or serendipity view, which is a 40°caudocephalic tilt view of the SCJ, the medial clavicle will appear inferior in patients with posterior dislocation (Figure 2) .
Compared with radiography of the chest, CT provides better visualization of the SCJ in the axial plane and aids the clinician in comparing the affected side with the contralateral side and in screening for concomitant mediastinal compression (Figure 3 ). Injury to underlying vessels can be assessed with CT angiography. 13 Some authors advocate routine, repeated CT after reduction to confirm that alignment has been maintained. 1 Despite limitation of the scan area to the upper chest and the use of radiation-reducing techniques (eg, automatic exposure control systems), some consider the radiation exposure unacceptable and have called for alternative modalities. 25 The average CT effective radiation dose is approximately 10 mSv and is generally higher during angiography. Lifetime cancer risk from radiation exposure is dose related. In adult women, the risk ranges from 1 in 270 to 1 in 8,100 per CT, depending on the study type, but the risk is significantly higher in pediatric populations. 26 Ultrasonography has been used successfully for both diagnosis and intraoperative evaluation of posterior SCJ dislocation, although it lacks the more easily interpreted anatomic detail of CT. 27 MRI affords good visualization without the risk of radiation exposure associated with CT. Assessment of SCJ congruity and underlying mediastinal compression on MRI is best in the axial plane. The costoclavicular and anterior and posterior capsular ligaments are best assessed in this plane, as well. The author has used MRI to rule out redislocation after stabilization of a physeal fracture-dislocation in a patient who felt a pop in the right shoulder 2 weeks after surgery. The anatomic detail was clear despite postoperative inflammation (Figure 4) . A prone patient position stabilizes the joint and decreases respiratory motion artifact if images are initially unsatisfactory; however, this position is somewhat uncomfortable for injured patients. 9 
Differential Diagnosis
Retrosternal injury often occurs in the setting of trauma. Atraumatic instability is associated with abnormal muscles, a shortened clavicle, laxity, or inflammation, but this instability is managed differently from traumatic injury because mediastinal complications are not as prevalent. 17 Conditions specific to the SCJ region, such as SAPHO syndrome (consisting of synovitis, acne, pustulosis, hyperostosis, and osteitis) and Tietze syndrome, are more common in adults than in children. Conditions more commonly described in other regions of the body can also affect the SCJ, including ganglion cysts, exostosis, neoplasia, osteonecrosis, chronic recurrent multifocal osteomyelitis, and synovial conditions such as rheumatoid arthritis and Reiter syndrome.
Classification
SCJ injury is most commonly classified according to the direction of displacement, typically anterior or posterior, although pure superior dislocation has been described, as well. 28 Injuries can also be characterized by severity, with type 1 representing ligament stretch, type 2 indicating partial rupture with maintained stability, and type 3 being a true dislocation. 17 This differentiation does not apply to the more common physeal injuries, which are most commonly SalterHarris type I or II fractures without or with a small metaphyseal fragment, respectively.
Management
The natural history of pediatric retrosternal injuries is not well known because many injuries go undiagnosed. Outcomes range from pain-free return to sports to fatality caused by late hemorrhage. Open procedures are currently advocated because of recognition of recurrent instability and the increased number of reports of mediastinal complications.
Because 80% of longitudinal clavicular growth is from the medial physis, some clinicians treat pseudodislocations more conservatively than true dislocations, with complete remodeling demonstrated on CT 2 years after injury. 29 Physeal remodeling cannot be relied upon, however, because fibrous nonunion has been reported 2 years after physeal fracture in a patient as young as 14 years. 30 To relieve pain and avoid immediate and late complications, timely reduction is the standard of care. As mentioned earlier, consultation with a thoracic surgeon is recommended during management of dislocation because emergent sternotomy may be required to control bleeding. Clavicle osteotomy and even thoracotomy do not afford adequate exposure for management of vascular injury. 22 The author ensures that a thoracic or trauma surgeon is available during reduction and has a sterile sternal saw readily available.
Closed Reduction
The reported success rates of closed reduction of posterior SCJ dislocations range from 30% to 50% 3 and may be lower for physeal fracturedislocations. 1 The success rate is substantially higher when reduction is performed within 10 days of injury. 31 After this time frame, concern for life-threatening hemorrhage caused by adhesions between the medial clavicle and mediastinal vessels has led to recommendations for expectant management. 13, 17 Closed reduction can be performed under sedation in the emergency department if neurovascular injury or compression is not present; 11 however, the use of general anesthesia affords the advantages of muscle relaxation, easy conversion to an open procedure, and prompt management of a mediastinal injury.
Various closed reduction techniques have been described. In one technique performed with the patient seated, the surgeon pulls the patient's shoulders back, with the surgeon's knee between them. More commonly, the patient is positioned supine with a bolster placed between the scapulae. This facilitates being able to push the shoulder posterior to angle the medial clavicle anterior. With the shoulder adducted, traction and pressure directed posteriorly on the shoulder can lever the clavicle on the first rib. 13 Closed reduction of a posterior SCJ dislocation can be performed with the arm abducted while manually pulling the medial clavicle in an anterior direction with the fingers or a sterile towel clamp. 14 Abduction may hinder reduction by levering the clavicle too far medially, however.
The reduction can be assessed clinically or with intraoperative ultrasonography, 27 radiography, or O-arm CT (Medtronic). 32 Older studies have reported good stability, 13, 25 whereas more recent studies have suggested universal recurrence after closed reduction. 4, 33, 34 Many closed reductions are likely incomplete because, even with open exposure for direct visualization, reduction by traction alone is often not possible. 35 
Open Stabilization
Open stabilization reduces recurrence and allows early motion. It is performed with the patient in the beach-chair or supine position. Exposure and reduction are performed through a transverse incision made directly over the SCJ, with care taken to spare the supraclavicular sensory nerves, divide the platysma in a single layer to allow closure, and elevate the pectoralis and SCM muscle fibers as necessary. In the author's experience, a shoehorn technique is required to lever the metaphysis out from under the epiphysis, even after removing interposed periosteum. Open reductions can be confirmed visually and do not require confirmation on imaging ( Figure 5 ).
The use of transarticular Kirschner wires has been abandoned because of the risk of intrathoracic migration. 36 Dislocation can be stabilized with a direct suture repair of the torn ligaments and capsule. For pseudodislocation, the epiphysis can be stabilized to the metaphysis with nonabsorbable sutures inserted into the anterior epiphysis and pulled through the physis, exiting through drill holes in the anterior metaphysis 37 ( Figure 6 ). This is my preferred technique, and the stabilization is reinforced by the overlying periosteal repair (Figure 7 ). Cerclage with wire or sternal cable is also commonly used.
Some investigators have advocated sparing the medial physis or SCJ. Suture anchors placed into the manubrium can be passed intraosseously through the anterior clavicle cortex. 38 Bridging with reconstruction or a Balser plate has been reported, 39 but the plate must be removed to regain motion. External fixation has been used in adults for temporary stability and protection of vascular repair. 20 Clavicle osteotomy has been performed to offload the SCJ repair, with later repair performed if spontaneous healing does not occur. 40 
Late Instability
Soft-tissue reconstruction can be performed for recurrent instability, although some investigators suggest it even for primary dislocation. 41 Tenodesis of the subclavius tendon was originally used for recurrent anterior instability 42 but has been successfully used for posterior dislocations. The costal origin of the tendon is pulled through an anterior hole in the clavicle and pulled out superiorly and then tied to itself. 7 Alternatively, if the subclavius tendon is too short, a semitendinosus or SCM tendon can be used in a figureof-8 position across the joint. This method has been shown to be biomechanically superior to both subclavius tenodesis and intramedullary reconstruction, similar to the WeaverDunn technique for the AC joint. 43 Medial clavicle resection with stabilization to the first rib is usually reserved for chronic dislocation in adults but has been performed in patients as young as 18 years. 44 Safe resection of the medial end of the clavicle is 1 cm in women and 1.2 cm in men to preserve the costoclavicular ligament. 45 Lastly, to manage persistent pain after stabilization related to intra-articular disk or cartilage degeneration, arthroscopic débridement has been shown to be safe and does not violate the posterior capsule. 46 
Postoperative Management
Plaster spica and figure-of-8 casts for 4 to 8 weeks have been used for postoperative management of SCJ dislocation. 33 Velpeau or even simple slings have replaced these casts in favor of early motion as soon as comfort allows, provided internal stabilization was performed. Weightbearing restrictions are generally in place for 6 weeks. The author's criterion for lifting all restrictions is the patient's ability to perform pushups without pain at a minimum of 6 weeks after surgery. Participation in contact sports can be resumed by 3 months. 4, 37 Outcomes Long-term results of immobilization or closed reduction alone are not well known; a recent meta-analysis reported that these treatments have been performed in only 2 and 13 patients, respectively. 3 Most case reports and small series describe return to sports or manual labor without pain; however, long-term follow-up is lacking. Results of open stabilization for acute injuries have been consistently good, with perfect Rockwood scores reported in all 13 patients in one series with minimum 6-month follow-up. 4 In a study of 12 pediatric patients treated with open reduction for SCJ injury from 2003 to 2011, only 4% reported pain, stiffness, or recurrence at a minimum 1-year follow-up. 47 In another study, chronic injuries treated with late stabilization demonstrated improved Disability Arm, Shoulder, and Hand scores at a 3-year follow-up. 2 Late sequelae of untreated and often asymptomatic retrosternal injuries are documented in multiple case reports; these sequelae include thoracic outlet syndrome, dyspnea, chronic vascular insufficiency, and serious or even fatal vascular laceration or thrombosis. 5, 19, 21, 22, 48, 49 However, the number of missed injuries that became asymptomatic is unknown. Degenerative changes of the SCJ are seen in 50% of autopsies in persons aged .60 years, which suggests that, unless gross instability is present, patients can tolerate much SCJ pathology and remain asymptomatic. 41 
Summary
Posterior physeal fractures of the medial clavicle and SCJ dislocations are rare and potentially dangerous injuries in skeletally immature patients and are often initially missed. Clinical and radiographic findings can be subtle, and cross-sectional imaging with CT or MRI should be performed to confirm diagnosis and evaluate for mediastinal compromise. In young children with posterior SCJ injuries, the remodeling capability may allow management without reduction, with symptomfree return to full function; however, additional studies are required to clarify the prudence of this approach. Because of the concern for persistent symptoms and rare but potentially life-threatening mediastinal erosion, prompt reduction is often performed under general anesthesia, with a thoracic or trauma surgeon readily available. Although closed reduction has been successfully performed, open treatment allows for removal of interposed tissue for complete reduction, stabilization, and early range of motion, often resulting in a return to full activity. 
